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(57) Abstract 

An air Filter including a generally tubular filter 
element (15) having an open air onto end and ^ 
closed end is provided with a molded ring-like end 
cap (25) of a soft elastomer material. A tubular air 
outlet member (20) is mounted in the open end of the 
filter element with the end cap (25) having a radiaUy 
inwardly facing surface (25a) constructed so as to be 
compressed to sealingly engage the outlet member 
(20) to block flow of contaminated air therebetween. 
A housing (10) having an air inlet (14) surrounds the 
filter element to provide an air distribution chamber 
(26) for incoming contaminated air. 
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CYLINDRICAL AIR FILTER WITH 
LIGHTWEIGHT HOUSING AND RADIALLY DIRECTED SEAL 



Background of the Invention 

This invention relates generally to air 
cleaners or filters and more particularly relates to air 
cleaners with cylindrical, pleated paper filter elements 
used primarily with over-the-road trucks and agri- 
cultural tractors. In such air cleaners, the air is 
drawn into a housing and radially inwardly through the 
filter element for axial discharge therefrom. The 
cylindrical air filter element is sealed within the 
housing so that all air entering the housing must pass 
through the walls of the filter element. 

In the prior art, sealing of the filter ele- 
ment in the housing has been accomplished by compressing 
the outlet end of the filter element against the end 
wall of the housing, and by providing a gasket between 
the end of the filter element and the housing end wall. 
An example of this is shown in the Anderson et al. U. S. 
Patent No. 3,078,650, issued February 26, 1963, in which 
a yoke assembly cooperating with a threaded wing bolt 
and nut is used to compress the filter element against 
the end wall of the housing to prevent leakage of air 
around the filter element. Various other latches and 
clamping devices have been used to effect a positive 
clean air seal in such filter assemblies. Using such 
state of the art axial compression sealing techniques 
requires filter elements constructed so as not to 
collapse under compression, and requires the use of 
relatively heavy-gauge steel in the housing to withstand 
the pressures. Because both the filter housing and the 
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filter element must be strong and rigid when using such 
techniques, improvements in the area of low-cost, light- 
weight elements and housings have been hampered. With 
respect to the housings, non-engineering grades of 
plastics as well as some molding processes could not be 
safely utilized. 

Summary of the Invention 

The present invention provides an air cleaner 
construction wherein the positive clean air seal is 
established between the radially inwardly facing surface 
of the filter element end cap and the tubular air outlet 
member so that there is no need to compress the filter 
element as in the prior art to achieve a seal between 
the end of the filter element and the housing. In the 
preferred embodiment, this is accomplished by molding 
the ring-like end cap at the open end of the filter ele- 
ment from a urethane foam material having a relatively 
soft, rubber-like consistency, the cylindrical inner 
surface thereof being constructed and arranged to fit 
— ,r— over and sealingly engage an inner end portion of a 

_ — : — ^tubular air outlet member.. A relatively lightweight 

* - • 

- housing can then be provided to channel the flow of air 
through the filter element. The housing can be dimen- 
sionally unstable because the housing does not have to 
support any clamping forces as in the prior art . No 
mechanical aids or clamps are necessary to exert outside 
force because the seal is self-generated when the end 
cap is inserted over the tubular outlet member, and the 
sealing forces are enhanced by the air pressure dif- 
ferential exerted on the filter element during operation 
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thereof. As a result, the housing can be constructed 
from a relatively light plastic material or from a 
thinner metal. The structural requirements of the 
filter element are also reduced because it does not have 
to withstand mechanical compression* 

The Gauer U. S. Patent No. 4,135,899, issued 
January 23, 1979, discloses a typical prior art clamping 
arrangement for holding both a primary filter and a 
safety filter in a cylindrical housing. The safety 
filter of the Gauer device has an annular resilient 
mounting member 133 with an internal groove adapted to 
engage a bead on the end of the air outlet tube. 
However, this connection is not relied upon or designed 
to provide a positive clean air seal. The axially outer 
end of member 133 has a flattened surface to sealingly 
engage the end wall of the housing. The radially 
extending lip 134 of member 133 is compressed against 
the end wall of the housing by means of a clamping 
arrangement similar to that heretofore described. Thus, 
the Gauer patent does not teach or suggest the desira- 
bility of utilizing a radially inwardly directed seal in 
order to eliminate the clamping device. 

The present invention provides the designer 
with a variety of inherent lightweight design options 
having a performance equivalent to air cleaners designed 
according to the state of the art. The design is com- 
patable to non-metallic I.E. commodity (non-engineering 
grade) plastic housings with large expansion/contraction 
ratios. The lightweight plastic housing and element 
have good vibration dampening/absorption characterics , 
further enhancing minimal housing structure require- 
ments. Another advantage is that the gasket is located 
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inside of the filter element so that it is protected 
during shipping and handling. 

Brief Description of the Drawings 

FIGURE 1 is a view in side elevation of an air 
cleaner according to the invention, portions thereof 
being broken away and portions being shown in section; 

FIGURE 2 is a view in perspective of a filter 
element according to the invention, with portions of the 
housing being shown schematically in broken lines; and 

FIGURE 3 is an enlarged fragmentary portion of 
the outlet area showing the tubular outlet member 
removed from the resilient end cap. 

Description of the Preferred Embodiment 

Referring now to the drawings, wherein like 
reference numerals are used throughout the several views 
to indicate like elements of the invention, there is 
disclosed in FIG. 1 an air cleaner or filter having a 
housing 10 with a generally cylindrical outer wall 10a, 
a first generally closed end 10b comprising a generally 
circular end wall having an axial outlet opening 10c, 
and a generally open second end having a circular out- 
wardly extending flange lOd to which is connected a 
removable cover 11 by means of a plurality of threaded 
bolts 12a and plastic nuts 12b. Housing 10 is cylindri- 
cal with respect to a longitudinal axis 13. Formed in 
the outer wall 10a is a peripheral air inlet opening 14. 

A generally tubular or cylindrical filter ele- 
ment 15 is carried within housing 10 coaxial therewith. 
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Filter element 15 has an inner liner 15a and an outer 
liner 15b, both being cylindrical, and both being 
constructed from perforated metal. A cylindrical 
pleated paper filter 16 is mounted between the inner 
liner 15a and the outer liner 15b. Filter element 15 
has a closed end 17 in the form of a circular cap of a 
urethane foam material molded thereon and having a rela- 
tively soft, rubber-like consistency. Cap 17 is molded 
over and holds together the ends of liners 15a, 15b and 
filter 16 and extends across that end of the filter 
element 15 to provide a closed end. Cap 17 has a plura- 
lity of protrusions 17a extending axially outwardly 
therefrom for contact with the cover 11. The diameter 
of housing 10 around cap 17 is about the same as the 
outside diameter of the cap 17 to hold filter element 15 

centered within the housing. 

Closed end wall 10b is provided with an 
axially outwardly extending tubular portion lOe around 
axial air outlet opening 10c. A generally cylindrical 
outlet member 20 is mounted in outlet opening 10c having 
an outer smaller diameter portion 20a and an inner 
larger diameter portion 20b connected by a planar ring 
portion 20c. The axially outer end of outer portion 20a 
is formed to be of slightly larger diameter to provide a 
wide groove between it and ring portion 20c which con- 
forms in shape and size to the inner surface of tubular 
portion lOe of housing 10 so that when tubular member 20 
is inserted into axial opening 10c from the interior of 
housing 10 the outer portion 20a thereof snaps over and 
snugly engages tubular portion lOe, and ring portion 20c 
engages the inner surface of housing end wall 10b to 
hold the tubular member 20 in place. The housing is 
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shaped at the junction of wall 10b and tubular portion 
lOe to provide a circular opening for an O-ring seal 21 
which functions to prevent air leakage between housing 
10 and tubular member 20. When mounted in place as 
shown in FIG • 1, the inner portion 20b of tubular member 
20 extends a short distance into the interior of filter 
element 15 coaxially therewith. 

The open end of filter element 15 , adjacent 
closed end 10b of the housing 10 , is provided with a 
ring-like end cap 25 which is molded over the ends of 
the liners 15a, 15b and pleated paper filter 16. End 
cap 25 is preferably made from an elastomer such as a 
urethane foam material having a relatively soft, rubber- 
like consistency so that it is capable of functioning as 
a seal or gasket material. End cap 25, hs shown in FIG. 
3, is preferably molded so as to have a radially 
inwardly facing surface between the end edges thereof, 
most of which has a diameter slightly Smaller than the 
outer diameter of inner portion 20b of tubular member 
20. In the preferred embodiment the inwardly facing 
surface 25a has a diameter at the outer face 25c of end 
cap 25 of about the same size as the outer diameter of 
the tubular member 20 and a gradually reducing diameter 
toward the inner face 25d of end cap 25 which is less 
than the outside diameter of member 20. The elastomer 
material of end cap 25 is thus compressed at the surface 
25a to provide a positive clean air seal between the end 
cap 25. and the outlet member 20. As also shown in FIG. 
3, the innermost end of portion 20b is formed to have a 
slightly smaller diameter so that end cap 25 can easily 
be inserted over portion 20b, End cap 25 thus has a 
generally cylindrical inner surface 25a of gradually 
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reducing diameter from outside to inside constructed and 
arranged to fit over and sealingly engage the inner por- 
tion 20b of outlet member 20 to thus provide a positive 
air seal between the end cap 25 and inner portion 20b of 
outlet member 20 ♦ 

End cap 25 is also provided with a plurality 
of axially outwardly extending, arcuate projections or 
protrusions 25b which engage end wall 10b to hold the 
filter element in place. The relationship between end 
cap 25 and tubular outlet member 20 maintains filter 
element 15 in a coaxial relationship with housing 10 at 
the outlet end of the air cleaner. 

The distance between closed end 10b of housing 
10 and cover 11 is such as to lightly compress the pro- 
jections or protrusions 17a, 25b to minimize or dampen 
axial movements of filter element 15* in the housing 10. 

With the air cleaner assembled" as shown in 
PIG. 1, the engine draws air through the filter assembly 
from housing inlet 14 into a distribution chamber 26 
formed between outer wall 10a and outer liner 15b. The 
contaminated incoming air is thus distributed generally 
evenly over the outer surface of filter element 15 and 
is drawn through the pleated paper filter 16 into the 
interior of filter element 15 for discharge through 
outlet opening 10c. All of the foreign material carried 
by the incoming air is thus deposited on the pleated 
paper filter 16. It is important that all of the 
incoming air be passed through the f ilter , because if 
the dirty incoming air is permitted to escape around the 
filter, the engine may be damaged. _ The dirty air cannot 
escape around the filter at the closed end because that 
end is completely covered by cap 17. At the air outlet 
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end of the housing, however, it is necessary to provide 
a seal between the filter element 15 and the housing 10 
to prevent leakage therebetween. In the present case r 
that seal is provided by the tight engagement of inner 
peripheral wall 25a of gasket 25 with the outer 
peripheral wall of portion 20b of tubular outlet member 
20. This sealing relationship is enhanced by the 
pressure differential between the inlet and outlet of 
the air cleaner during operation of the system. Because 
a positive clean air seal is achieved as just described, 
there is no need to clamp the filter element 15 tightly 
against the end wall 10b, Thus, no expensive clamping 
devices are required, and only light pressure against 
the ends of the filter element need be maintained to 
minimize movement within the housing. In the preferred 
embodiment as shown in the drawings, the housing 10 is 
constructed from a commodity grade plastic material . 
Such a material would ordinarily not be strong enough to 
provide the axial compression sealing required by the 
prior art techniques. With the present sealing tech- 
nique, however, such strength is not required, so that a 
lesser material can be used for the housing. In the 
embodiment of the invention shown in the drawings, a 
standard filter element has been shown because that 
construction is available. The standard filter element 
15 uses relatively heavy perforated metal liners 15a , 
15b in order to withstand the standard compression 
sealing techniques. However, it should be understood 
.that the structure of the filter element might also be 
modified as development of this invention progresses 
because the same strength and rigidity is not required 
using the new sealing technique. The filter element 
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must be strong enough to withstand the pressures caused 
by air flow therethrough, but it is no longer necessary 
to withstand the axial compression forces. 

Although a preferred embodiment of the inven- 
tion has been disclosed, it will be understood that the 
same is capable of modification without departure from 
the scope and spirit of the invention as defined in the 
claims. 
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WHAT IS CLAIMED IS: 

1. An air filter, comprising: 

(a) a generally tubular filter element comprising 
a filter having an open air outlet end and a 
closed end; 

(b) said open end of said filter element having an 
end cap of a soft rubber-like material;. 

(c) housing means including a tubular air outlet 
member extending into said open end of said 
filter element, said end cap having a radially 
inwardly facing surface constructed and 
arranged to be compressed to sealingly engage 
said air outlet member to block flow of con- 
taminated air therebetween; and 

(d) said housing means surrounding said filter 
element to provide an air distribution chamber 
around said filter element, and having an air 
inlet opening to provide a flow of air to said 
distribution chamber and through said filter 
element. 

2. The air filter of claim 1 wherein said filter ele- 
ment includes a supporting liner and said end cap is 
ring-like and is constructed and arranged to be 
compressed between said air outlet member and said 
liner, 

3. The air filter of claim 2 wherein said radially 
inwardly facing surface has at least a portion thereof 
with an inside diameter smaller than an outer diameter 
of said air outlet member whereby said rubber-like 
material is compressed to provide a positive clean air 
seal between said end cap and said outlet member. 
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4. The air filter of claim 3 wherein said end cap has 
an outer face and an inner face with said radially 
inwardly facing surface extending therebetween to define 
said air outlet, said air outlet at said outer face 
having a diameter of about the same size as said outlet 
member, said air outlet at said inner face having a 
smaller diameter, said radially inwardly facing surface 
being gradually reduced in diameter therebetween • 

5. The air filter of claim 1 wherein said end cap is 
an elastomer material, and wherein said tubular air 
outlet member, extending into said open end of said 
filter element has a first outer diameter, said end cap 
defining an opening having a radially inwardly facing 
surface with a diameter smaller than said first 
diameter, and constructed and arranged to be compressed 
to sealingly engage said air outlet member to block flow 
of contaminated air therebetween. 

6. The air filter of claim 1 wherein: 

(a) said housing means comprises a lightweight 
housing having a longitudinal axis , a first 
generally closed end having an axial outlet 
opening, a generally open second end closeable 
by a removeable cover, and a peripheral air 
inlet opening; 

(b) said filter element is a generally cylindrical 
filter element comprising an inner liner, a 
filter and an outer liner, carried within said 
housing coaxial therewith, having a first end 
engageable with said closed end of said 
housing and having a second, closed end enga- 
geable with said cover; 
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(c) said closed end of said housing comprises a 
cylindrical air outlet member in said outlet 
opening having a short inner portion extending 
axially inwardly into said housing and said 
filter element, said inner portion having a 
first outside diameter; and 

(d) said first end of said filter element 
comprising said ring-like end cap, said end 
cap having a generally cylindrical radially 
inwardly facing surface of a diameter smaller 
than said first diameter and constructed and 
arranged to fit over said inner portion of 
said outlet member and to be compressed bet- 
ween said inner portion and said inner liner 
to sealingly engage said inner portion of said 
outlet member whereby air flowing from said 
air inlet into said housing is forced to flow 
through said filter element to said outlet 
opening. 1 

7. The air filter of claim 6 wherein said end cap 
includes a plurality of projections extending axially 
therefrom for engagement with said closed end of said 
housing. 

8. The air filter of claim 7 wherein said closed end 
of said filter element comprises a cap having a con- 
sistency like that of said end cap, extending over and 
closing said closed end of said filter element, said cap 
having a plurality of projections extending axially 
therefrom for engagement with said cover. 

9. The air filter of claim 8 wherein the distance bet- 
ween said closed end of said housing and said cover is 




led from 10998864 on 12/20/2006 



WO 89/01818 PCT/US87/02232 



-13- 



such as to lightly compress said projections and said 
cap to minimize movement of said filter in said 
housing. 

10. The air filter of claim 9 wherein said end cap and 
said cap are molded from an elastomer material. 

11. The air filter of claim 10 wherein the elastomer 
material is a urethane foam. 
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